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ABSTRACT
Carboxylic acids were converted into nitriles by one-pot reactions with
hydroxylamine hydrochloride and zinc catalyzed by PEG400 under micro-
wave irradiation in good-excellent yields.
 2010 Trade Science Inc. - INDIA

INTRODUCTION

Nitrile is a key compound for organic synthesis, and
it also serves as an important synthetic intermediate for
pharmaceuticals, agricultural chemicals, dyes, and ma-
terial sciences. A number of methods are known for the
conversion of carboxylic acids into nitriles. The primary
methods are acid-nitrile exchange reaction[1]; acid chlo-
ride react with sulfonamide[2]; carboxylic acids treat with
urea and sulfamic acid[3-7], ethyl carbamate and thionyl
chloride[8] or diphosphorus tetraiodide and ammonium
carbonate[9]. However, a number of drawbacks may
be encountered in using some of these reagents, such
as low yields, harsh reaction conditions, tedious work-
up procedures, opaque reaction mechanisms and vari-
ous limitations. In addition, some of them are corro-
sive, toxic, expensive or commercially unavailable.

In recent reports, microwave irradiation had been
widely applied in organic synthesis[10-12]. It had been
reported that microwave activation for the one-pot syn-
thesis of nitriles from aldehydes[13-15]. However, only
one reaction about conversion of carboxylic acids into

nitriles under the microwave was found by our team,
and carboxylic acids is more steady, extensive and in-
expensive compared with aldehydes. We now wish to
report another new method for the one-pot conversion
of carboxylic acids into nitriles catalyzed by PEG 400
with hydroxylamine hydrochloride as amidation reagent
and zinc as reductant under microwave irradiation. In
this method, the yields are much higher for some prod-
ucts and save much time with comparison to the gen-
eral methods. The results shown in TABEL 1 and reac-
tion as follow:

RESULTS AND DISCUSSION

These reactions are very difficult, even no react if
have no catalysts. PEG400 as phase transfer catalyst
to this reaction has been studied and the best amount is
5mol%. It was found that lower dosage of PEG 400
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could not catalyze the reaction effectively and higher
dosage would undoubtedly lead to more loss of prod-
ucts during the washing procedure.

As shown in TABLE 1, most of aromatic carboxy-
lic acids could be converted to corresponding nitriles in
good-excellent yields. The aryl carboxylic acids with

electron-donating groups such as �CH
3
 and �OCH

3

were more reactive than those with electron-withdrawing
groups such as �Cl, �I, �NO

2
 in the aromatic ring,

mainly because electron-donating groups increased the
electron density of carbonyl and caused the reaction
easier. The group of amino as a electron-donating group
made 4-aminobenzonitrile (10) a lower yield than oth-
ers, since it like a nitro under acidic 20 minutes under
the power of 231 watt. The causation may be that the
higher power input and with the prolongation of time,
the temperature is too high to make the reaction effec-
tively carry through, and hydroxylamine hydrochloride
would be decomposed in the higher power at the same
time; On the other hand, lower power input and shorter
reaction time is unable to progress completely. Condi-
tion; also because of the reduced solubility and lower
reactivity of the zwitterionic amino acid compared with
the other substrates. Excellent yields could be obtained
in the reactants of heteroaromatic carboxylic acids es-
pecial 2-thiophenecarbonitrile (12) and 3-furonitrile
(13). We propose that the main reason for the high yield
may be the more electron their own than benzene ring.

In TABLE 2, the power had an obvious effect to
the yields. The most suitable condition was

EXPERIMENTAL

All reactions were performed in a commercial do-
mestic microwave oven (Midea PJ21C-BF). The re-
action process was monitored by GF254 thin layer chro-
matography (TLC) using petroleum ether/ ethyl acetate
(10:1 v/v) as eluent. Melting points were determined
on a microscopy apparatus (SGW X-4) and uncor-
rected. 1H-NMR spectra were obtained on a Bruker

TABLE 1 : Conversions of carboxylic acids into nitriles

m.p./C 
Entery Nitriles Time 

(min) 
Yield 
(%) Found Report[3,7,16]

1a 

CN  

20 91 187-9 188-191 

2 

CN

HO

 

17 88 110-112 110-113 

3 

CN

Cl

 

22 87 92-95 94-96 

4 

CN

Cl

 

23 88 43-45 43-46 

5 

CN

I

 

21 86 126-128 128-129 

6 

CN

O2N

 

27 84 146-149 146-149 

7 
CNO2N  

27 85 115-117 115-117 

8a 

CN

CH3

 

19 91 204-206 205 

9 

CN

H3CO

 

14 93 55-57 57-59 

10 

CN

H2N

 

25 80 83-85 83-85 

11 

N

CN

 

25 85 50-51 50-52 

12a 
S CN

 
14 90 190-192 192 

13a 

O

CN

 

16 90 149-151 151 

aBoiling points were determine

TABLE 2 : Effect of the power to benzoic acid

Entry Power(W) Time(min) Yield(%) 

1 119 20 45 

2 119 30 57 

3 119 40 61 

4 231 15 78 

5 231 20 93 

6 231 25 92 

7 385 10 55 

8 385 15 63 

9 385 20 62 
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AVANCE (400MHz) spectrometer using TMS as in-
ternal standard and CDCl

3
 as solvent. IR spectra were

recorded on a Bio-Rad FTS-40 spectrometer (KBr).
All the liquid parent materials are fresh distilled. The
products were also characterized by comparison of their
Melting points and boiling points with the literature val-
ues.

General procedure for the preparation of benzo-
nitrile (entry 1, TABLE 1)

A mixture of benzoic acid (2.44g, 20mmol), hy-
droxylamine hydrochloride (2.09g, 30mmol), zinc dust
(1.96g, 30mmol) and PEG400 (5mol%) was irradi-
ated at middle low power (231W) for a period of 20
min. Upon completion, the solids were filtrated and
washed with dried dichloromethane (2  10ml). The
organic phase was washed with H

2
O (3  10mL), dried

with magnesium sulfate. After solvent was removed by
distillation, the benzonitrile 1.88g (91% yield) was col-
lected at 186-189C by distillation at atmospheric pres-
sure. 1H NMR (CDCl

3
): 7.44 (d, 2H, 2  CH), 7.51

(d, 2H, 2  CH), 7.54 (t, 1H, CH); IR (KBr):  3067,
2229, 1599, 1490, 1447, 1287, 1223, 1178, 1070,
1026, 927, 760, 688, 548cm-1

CONCLUSION

In summary, a new method for the conversion of
carboxylic acids into nitriles catalyzed by PEG 400 un-
der microwave irradiation in satisfactory yields with hy-
droxylamine hydrochloride as amidation reagent and
zinc as reductant is developed. This method is inexpen-
sive, practical and with the less pollution and ease of
work-up.
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